Determination of the best timing for control application against cotton leaf worm using remote sensing and geographical information techniques  by Yones, M.S. et al.
The Egyptian Journal of Remote Sensing and Space Sciences (2012) 15, 151–160National Authority for Remote Sensing and Space Sciences
The Egyptian Journal of Remote Sensing and Space
Sciences
www.elsevier.com/locate/ejrs
www.sciencedirect.comResearch PaperDetermination of the best timing for control application
against cotton leaf worm using remote
sensing and geographical information techniquesM.S. Yones a,*, S. Arafat a, A.F. Abou Hadid b, H.A. Abd Elrahman c, H.F. Dahi da National Authority for Remote Sensing and Space Sciences (NARSS), 23 Josef proztito St. Elnozha Elgedida,
P.O. Box 1564 Alf maskan Cairo, Egypt
b Faculty of Agriculture, Ain Shams University, Egypt
c Faculty of Science, Ain Shams University, Egypt
d Plant Protection Research Institute, Giza, EgyptReceived 24 January 2012; revised 13 May 2012; accepted 14 May 2012
Available online 18 October 2012*
E
Pe
Sc
11
htKEYWORDS
Cotton leafworm Spodoptera
littoralis;
Remote sensing;
Predictions;
Degree-days;
GISCorresponding author. Tel.
-mail address: monayones@
er review under responsibilit
ientiﬁc Research Egypt
Production an
10-9823  2012 National Au
tp://dx.doi.org/10.1016/j.ejrs.: +20 22
yahoo.co
y of Min
d hostin
thority f
2012.05.0Abstract Knowledge of the larval-age distribution in the ﬁeld is important for prediction purpose
and timing of insecticide applications for insect pest management. This studies acts by calculating
the average of thermal units in degree-days (dd’s). The average of thermal units required for com-
pletion of generation is 544.98, 640.63 and 599.66 degrees-days (C) as calculated from air temper-
atures derived from thermograph and satellite images, and soil temperatures from satellite images,
respectively, considering 9.89 C as a developmental threshold. These were higher than the esti-
mated value of dd’s based on laboratory data (524.27 degrees-days (C)). There was a difference
between degree days obtained from air temperatures derived from satellite images and thermograph
by 59.2 dd’s, this value represented only about 2.85 days. In order to improve the predictability, a
factor was estimated between them which is 0.81, 0.96 and 0.87 in case of thermograph, soil and air
temperature that derived from satellite images so the predicted stages was highly improved. Egg
hatching was estimated to be 80% complete by 80.45 dd’s. At 174.85 DD, mostly all larvae in
the ﬁeld experiment were from the ﬁrst to third instars. The presence of more mature larvae (fourth6225835.
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Figure 1 Ezbet Shalaqan, Al-Qaly
152 M.S. Yones et al.to sixth instars) was not noticed until 197.59 dd’s. These data indicate that, the best timing for con-
trol application against Spodoptera littoralis would be at 174.85–197.59 dd’s.
The results are important for quick prediction purposes, control timing and also as valuable tools
used in an integrated control program for managing S. littoralis in Egypt.
 2012 National Authority for Remote Sensing and Space Sciences.
Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
The Egyptian economy has traditionally relied heavily on the
agriculture sector as a source of growth and support for the
non-agricultural sector. Cotton has traditionally been the most
important ﬁber crop in Egypt as well as the leading agricul-
tural export crop. One of the major obstacles facing the pro-
duction of more crop and food for Egypt’s fast-growing
population is the damage effects caused by pests, especially
the cotton leafworm, Spodoptera littoralis (Boisd.).
S. littoralis, also known as Egyptian Cotton Leafworm is
native to Africa and Israel and widely found in both Africa
and the Mediterranean Europe. It is considered a pest of na-
tional concern and may result in quarantine and/or regulatory
actions if detected. It is a pest on vegetables, fruits, ﬂowers and
other crops (http://wiki.bugwood.org).
Pests prediction, are major problems in the different cli-
matic regions in Egypt. Early prediction of insects is urgent
to help the farmers to avoid heavy sprays of pesticides and
take the necessary actions to restrict dangerous infestations.
These practices require real time weather data covering the
country.
Development of insect is temperature dependent; and each
organism requires a speciﬁc measure of heat accumulation be-
tween lower and upper developmental thresholds to complete
development. Applications of developmental thresholds and
rates in the form of phenological models are often used in agri-
cultural IPM programs to predict and manipulate pest popula-
tion dynamics in the ﬁeld under consideration. The lowerubiya Governorate; Egypt.threshold (t0) and the degree days of generation of S. littoralis
are 9.89 C and 524.27, respectively (Yones et al., 2008).
For the vast majority of economically important insect pest
species, the information necessary for precisely predicting dor-
mancy, development, and reproduction in the ﬁeld is still
scarce (Tauber and Tauber, 1973; Tauber et al., 1986).
The main objective of the current study is
1. The early prediction of insects to help the farmers to avoid
heavy sprays of pesticides and take the necessary actions to
restrict dangerous infestations.
2. To determine the larval-age distribution in the ﬁeld for cot-
ton leaf worm.
3. Estimate a factor to enhance the predictability.
Finally, it is hoped that, the ﬁndings achieved in this study
will help in future studies related to this subject; and will get
better understanding and illustrate how these ﬁndings could
be used through IPM programs against the major cotton insect
pests in Egypt. It should be emphasized that, a complete IPM
program develops slowly, usually through a step-by-step pro-
cedure and that full signiﬁcance of the program emerges slowly
as well.2. Methodology
This study was conducted during 2006 in Ezbet Shalaqan, lo-
cated in El-Kanatir El-Khairia, Al-Qalyubiya Governorate,
Egypt (301204500N, 0310800200E) shown in Fig. 1. Egg masses
of the cotton leafworm, S. littoralis, were obtained from theFigure 2 Rearing technique under ﬁeld conditions of Ezbet
Shalaqan, Al-Qalyubiya Governorate.
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Figure 3 Expected stages of S. littoralis from calculation of the
degree days from daily maximum and minimum air temperatures
derived from thermograph.
Table 1 Expected stages of S. littoralis by calculation of the degree days from daily maximum and minimum air temperatures derived
from thermograph compared with observed stages in the ﬁeld during the period of experiment.
Date/2006 Temperature
(C)
Degree days (dd’s) Stage
Max. Min. Per day Accumulated Corrected (0.96) Expected corrected Expected Observed
July 17 34 23 18.61 18.61 17.87 Eggs Eggs Eggs
18 35 23 19.11 37.72 36.21 Eggs Eggs Eggs
19 32.5 22.5 17.61 55.33 53.12 Larvae Larvae Eggs
20 33 22 17.61 72.94 70.02 Larvae Larvae Larvae
21 33 22 17.61 90.55 86.93 Larvae Larvae Larvae
22 33 22.5 17.86 108.41 104.07 Larvae Larvae Larvae
23 35 23 19.11 127.52 122.42 Larvae Larvae Larvae
24 34 23 18.61 146.13 140.28 Larvae Larvae Larvae
25 34 22 18.11 164.24 157.67 Larvae Larvae Larvae
26 34 22 18.11 182.35 175.06 Larvae Larvae Larvae
27 34 22 18.11 200.46 192.44 Larvae Larvae Larvae
28 35 23 19.11 219.57 210.79 Larvae Larvae Larvae
29 35 25 20.11 239.68 230.09 Larvae Larvae Larvae
30 35 26 20.61 260.29 249.88 Larvae Larvae Larvae
31 37 26 23.49 283.78 272.43 Larvae Larvae Larvae
August 1 36.5 27.5 24.01 307.80 295.49 Larvae Larvae Larvae
2 34 28 21.11 328.91 315.75 Larvae Larvae Larvae
3 33.5 24 18.86 347.77 333.86 Pupae Pupae Larvae
4 34 23 18.61 366.38 351.72 Pupae Pupae Larvae
5 34 23.5 18.86 385.24 369.83 Pupae Pupae Pupae
6 33 23.5 18.86 404.10 387.94 Pupae Pupae Pupae
7 34 25 19.61 423.71 406.76 Pupae Pupae Pupae
8 33 24 18.61 442.32 424.63 Pupae Pupae Pupae
9 33 22 17.61 459.93 441.53 Pupae Pupae Pupae
10 34 22.5 18.36 478.29 459.16 Pupae Pupae Pupae
11 31 20 15.61 493.90 474.14 Pupae Pupae Pupae
12 33 20 16.61 510.51 490.09 Pupae Adult Pupae
13 33 20 16.61 527.12 506.04 Adults Eggs2 Adults
14 32.5 23 17.86 544.9763 523.18 Adults Adults
15 33 23 18.11 563.0863 540.56 Eggs2 Eggs2
Determination of the best timing for control application against cotton leaf worm 153cotton leaves in the ﬁeld of Ezbet Shalaqan, Al-Qalyubiya
Governorate; Egypt.
The eggs were transferred to four clean 500 ml plastic-jars
covered with muslin and secured with rubber bands. Each
jar was kept on the ﬁeld ground beside cotton plants, and both
were together covered with wire cage (130 · 50 cm) as shown
in Fig. 2. Newly hatched larvae were provided with fresh cot-
ton leaves which were renewed daily until the larvae showed
signs of pupation. A thin layer of ﬁne clay-dust was spread
on the bottom of every 500 ml plastic-jar to help successful
pupation. Pupae were kept in the 500 ml plastic-jars until moth
emergence. Eight pairs of newly – emerged moths were con-
ﬁned into oviposition cages. This experiment was carried out
under ﬁeld ﬂuctuated conditions of temperature and relative
humidity.
2.1. Temperature data and calculation of the thermal heat unit
accumulations
The role of temperature summations attempts to ﬁnd an in-
dex for heat energy required to complete a given stage or en-
tire life cycle. So, temperature data could be transformed into
heat units and serve as a useful tool for studying this insect
population dynamics and predicting its appearance in the
ﬁeld.2.1.1. Temperature data from the ﬁeld
According to Doerr et al. (2002) temperature data were
collected from the site of experiment by placing a max–min
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Figure 5 Expected stages of S. littoralis from calculation of the
degree days from daily maximum and minimum air temperatures
derived from satellite images.
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Figure 4 Expected stages of S. littoralis from calculation of the
degree days from daily maximum and minimum soil temperature
derived from satellite images.
Table 2 Expected stages of S. littoralis by calculation of the degree days from daily maximum and minimum satellite soil temperatures
compared with observed stages in the ﬁeld during the period of experiment..
Date/2006 Temperature Degree days (dd’s) Stage
Max. * Min. * Per day Accumulated Corrected (0.81) Expected corrected Expected Observed
K C K C
July 17 320.56 47.56 297.5 24.50 22.46 22.46 18.19 Eggs Eggs Eggs
18 319.72 46.72 297.92 24.92 22.55 45.00 36.45 Eggs Eggs Eggs
19 317.9 44.90 297.17 24.17 22.16 67.16 54.40 Larvae Larvae Eggs
20 318.35 45.35 295.43 22.43 21.56 88.72 71.86 Larvae Larvae Larvae
21 318.03 45.03 295.21 22.21 21.48 110.20 89.26 Larvae Larvae Larvae
22 319.16 46.16 295.25 22.25 21.51 131.71 106.69 Larvae Larvae Larvae
23 320.13 47.13 296.67 23.67 22.09 153.79 124.57 Larvae Larvae Larvae
24 319.38 46.38 297.98 24.98 22.55 176.34 142.84 Larvae Larvae Larvae
25 318.55 45.55 295.93 22.93 21.73 198.07 160.44 Larvae Larvae Larvae
26 319.13 46.13 296.18 23.18 21.846 219.92 178.14 Larvae Larvae Larvae
27 320.25 47.25 297.26 24.26 22.33 242.25 196.22 Larvae Larvae Larvae
28 318.18 45.18 296.06 23.06 21.77 264.02 213.86 Larvae Larvae Larvae
29 319.49 46.49 296.05 23.05 21.88 285.90 231.58 Larvae Larvae Larvae
30 320.67 47.67 296.84 23.84 22.20 308.09 249.55 Larvae Larvae Larvae
31 320.14 47.14 297.00 24.00 22.22 330.31 267.55 Larvae Larvae Larvae
August 1 319.82 46.82 296.10 23.10 21.85 352.16 285.25 Larvae Pupae Larvae
2 320.21 47.21 298.44 25.44 22.8 374.96 303.72 Larvae Pupae Larvae
3 319.92 46.92 297.26 24.25 22.3 397.26 321.78 Larvae Pupae Larvae
4 320.56 47.56 296.99 23.99 22.25 419.51 339.80 Pupae Pupae Larvae
5 320.05 47.05 296.39 23.39 21.97 441.48 357.60 Pupae Pupae Pupae
6 319.47 46.47 296.38 23.38 21.94 463.42 375.37 Pupae Pupae Pupae
7 319.64 46.64 296.32 23.32 21.92 485.34 393.13 Pupae Pupae Pupae
8 318.09 45.09 298.02 25.02 22.48 507.82 411.33 Pupae Adults Pupae
9 318.47 45.47 296.35 23.35 21.88 529.70 429.06 Pupae Eggs2 Pupae
10 318.31 45.31 295.06 22.06 21.43 551.12 446.41 Pupae Pupae
11 321.78 48.78 296.12 23.12 22.00 573.12 464.23 Pupae Pupae
12 320.14 47.14 300.00 27.00 23.48 596.61 483.25 Pupae Pupae
13 318.16 45.16 297.01 24.01 22.11 618.71 501.16 Adults Adults
14 318.26 45.26 296.48 23.48 21.92 640.63 518.91 Adults Adults
15 320.17 47.17 296.69 23.69 22.1 662.73 536.81 Eggs2 Eggs2
* K = C+ 273.
154 M.S. Yones et al.temperature recorder ‘‘Thermograph Model Sigma 2’’ inside
weather shelter. The weather shelter was placed within the can-
opy of a tree beside the cotton ﬁeld. Degree-day accumulationswere calculated from daily maximum and minimum tempera-
tures and a base threshold.
Table 3 Expected stages of S. littoralis from calculation of the degree days from daily maximum and minimum satellite air
temperatures compared with observed stages in the ﬁeld during the period of experiment.
Date/2006 Temperature Degree days (dd’s) Stage
Max. Min. Per day Accumulated Corrected (0.87) Expected corrected Expected Observed
K C K C
July 17 308.64 35.64 295.67 22.67 19.26 19.26 17.14 Eggs Eggs Eggs
18 309.28 36.28 295.48 22.48 22.98 42.25 37.60 Eggs Eggs Eggs
19 308.16 35.16 296.51 23.51 19.44 61.70 54.91 Larvae Larvae Eggs
20 306.11 33.11 297.18 24.18 18.76 80.45 71.60 Larvae Larvae Larvae
21 306.32 33.32 293.08 20.08 16.81 97.26 86.56 Larvae Larvae Larvae
22 308.03 35.03 293.78 20.78 18.01 115.27 102.59 Larvae Larvae Larvae
23 309.41 36.41 295.46 22.46 22.92 138.19 122.99 Larvae Larvae Larvae
24 308.64 35.64 294.76 21.76 18.81 157.00 139.73 Larvae Larvae Larvae
25 307.24 34.24 294.25 21.25 17.85 174.85 155.62 Larvae Larvae Larvae
26 309.30 36.30 294.42 21.42 22.74 197.59 175.86 Larvae Larvae Larvae
27 310.72 37.72 295.28 22.28 22.41 220.00 195.80 Larvae Larvae Larvae
28 307.29 34.29 294.52 21.52 18.02 238.02 211.84 Larvae Larvae Larvae
29 308.25 35.25 294.24 21.24 18.35 256.37 228.17 Larvae Larvae Larvae
30 311.21 38.21 295.75 22.75 22.38 278.75 248.09 Larvae Larvae Larvae
31 309.21 36.21 295.36 22.36 22.99 301.74 268.55 Larvae Larvae Larvae
August 1 309.78 36.78 295.06 22.06 22.69 324.42 288.73 Larvae Larvae Larvae
2 308.74 35.74 296.56 23.56 19.76 344.18 306.32 Larvae Pupae Larvae
3 308.57 35.57 296.06 23.06 19.43 363.61 323.61 Larvae Pupae Larvae
4 309.13 36.13 295.72 22.72 23.10 386.71 344.17 Pupae Pupae Larvae
5 309.09 36.09 295.38 22.38 23.05 409.75 364.68 Pupae Pupae Pupae
6 309.46 36.46 294.89 21.89 22.78 432.53 384.95 Pupae Pupae Pupae
7 310.32 37.32 294.76 21.76 22.42 454.95 404.91 Pupae Pupae Pupae
8 308.13 35.13 295.11 22.11 18.73 473.68 421.58 Pupae Pupae Pupae
9 309.75 36.75 293.80 20.80 22.42 496.10 441.53 Pupae Pupae Pupae
10 309.44 36.44 293.50 20.50 22.48 518.57 461.53 Pupae Adults Pupae
11 312.97 39.97 294.70 21.70 21.72 540.30 480.87 Pupae Eggs2 Pupae
12 309.50 36.50 295.43 22.43 22.88 563.17 501.22 Adults Pupae
13 307.28 34.28 295.15 22.15 18.32 581.50 517.54 Adults Adults
14 321.96 34.24 294.88 21.88 18.17 599.66 533.70 Eggs2 Adults
15 323.25 37.05 294.84 21.84 22.54 622.20 553.76 Eggs2
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The latitude and longitude of the study area were determined
by Global Positioning System (GPS) and were found to be
as follows (301204500N and 0310800200E).
The numerical weather results (daily maximum and mini-
mum air and soil temperatures derived from satellite images)
were obtained from the regional model which was developed
atNARSSModeling Simulation andVisualizationLab and cor-
porate data from NOAA satellite images (Sherif et al.,
2005a,b,c). The MM5 model (December, 2004) is a model de-
signed to simulate or predict mesoscale atmospheric circulations
(Dudhia, 1993). The application run time takes about 36 h to
obtain air temperature from NOAA satellite images and about
36 h to predict 3 days air temperature from NOAA satellite
images. This time is depending on the hardware speciﬁcation
of the processing unit i.e. if we use the Blue Gene/L (Supercom-
puter using parallel techniques has 1024 duel core processors)
(Milano et al., 2006; http://www.redbooks.ibm.com/redbooks/
pdfs/sg24676.pdf) the application run time will be reduced to
only one hour and hence can be used for agricultural
applications.From daily maximum and minimum air tempera-
tures derived from satellite images and thermograph (C)
and daily maximum and minimum soil temperatures derived
from satellite images with developmental threshold (zero
development) = 9.89 and the degree-days (dd’s) for genera-tion = 524.27 according to Yones et al. (2008), stages of
S. littoralis expected and dd’s were calculated by formulae of
Davidson (1944) example if Tmax < TU and Tmin > TL so,
D ¼ Tmax þ Tmin
2
 TL
where TU is the upper threshold, TL is the lower threshold,
Tmax is the maximum temperature, Tmin is the minimum tem-
perature and D is the accumulated degree-days.
2.2. Spodoptera littoralis Prediction and Management Model
(SLPMM)
It is important to develop a GIS model for calculating the de-
gree day’s units for the insect pests as S. littoralis using RS and
GIS as a base for cotton pest outbreak prediction. This model
was developed using ARCGIS 9.2 software ESRI, http://
www.esri.com (accessed 10/12/2007).
The decision maker (user) deﬁnes the zone in which to apply
the model, the model clips the speciﬁed area and converts it into
climate image. The user deﬁnes the pest and the date. The model
then calculates the dd’s according to Davidson (1944) when ﬁn-
ished; starts to calculate the dd’s accumulation. The user may
deﬁne the pest stage as a model parameter or not, the model
converts the pest stage into dd’s, and starts calculation of dd’s.
Table 4 Comparison between satellite and thermograph air temperatures and the deviation between degree days obtained from them.
Date/2006 Temperature (C) DDU Deviation (DDU)
Max. Min. Thermograph Satellite
Thermograph Satellite Thermograph Satellite
July 17 34 35.64 23 22.67 18.6 19.3 0.7
18 35 36.28 23 22.48 19.1 23.0 3.9
19 32.5 35.16 22.5 23.51 17.6 19.4 1.8
20 33 33.11 22 24.18 17.6 18.8 1.2
21 33 33.32 22 20.08 17.6 16.8 0.8
22 33 35.03 22.5 20.78 17.9 18.0 0.1
23 35 36.41 23 22.46 19.1 22.9 3.8
24 34 35.64 23 21.76 18.6 18.8 0.2
25 34 34.24 22 21.25 18.1 17.9 0.2
26 34 36.30 22 21.42 18.1 22.7 4.6
27 34 37.72 22 22.28 18.1 22.4 4.3
28 35 34.29 23 21.52 19.1 18.0 1.1
29 35 35.25 25 21.24 20.1 18.4 1.7
30 35 38.21 26 22.75 20.6 22.4 1.8
31 37 36.21 26 22.36 23.5 23.0 0.5
August 1 36.5 36.78 27.5 22.06 24.0 22.7 1.3
2 34 35.74 28 23.56 21.1 19.8 1.3
3 33.5 35.57 24 23.06 18.9 19.4 0.5
4 34 36.13 23 22.72 18.6 23.1 4.5
5 34 36.09 23.5 22.38 18.9 23.1 4.2
6 33 36.46 23.5 21.89 18.9 22.8 3.9
7 34 37.32 25 21.76 19.6 22.4 2.8
8 33 35.13 24 22.11 18.6 18.7 0.1
9 33 36.75 22 20.80 17.6 22.4 4.8
10 34 36.44 22.5 20.50 18.4 22.5 4.1
11 31 39.97 20 21.70 15.6 21.7 6.1
12 33 36.50 20 22.43 16.6 22.9 6.3
13 33 34.28 20 22.15 16.6 18.3 1.7
14 32.5 34.24 23 21.88 17.9 18.2 0.3
15 33 37.05 23 21.84 18.1 22.5 4.4
Total 59.2
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Figure 6 Comparison between air temperatures derived from
satellite images and from thermograph.
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The results observed in the Field experiment of S. littoralis
indicated that the four replicates (cages) of the experiment
were similar, in which the egg stage of S. littoralis took 3 days;
while the larval stage lasted 16 days, the pupal stage 8 days andthe pre-oviposition period 2 days under the prevailed ﬁeld con-
ditions of Ezbet Shalaqan at the indicated period.
According to the average of thermal units by daily maxi-
mum and minimum air temperatures derived from thermo-
graph, the expected periods required for completion of S.
littoralis stages were (2, 15, 9 and 1 with total 27 days) as
shown in Table 1 and Fig. 3; and according to the average
of thermal units by daily maximum and minimum soil temper-
atures derived from satellite images the expected periods re-
quired for completion of S. littoralis stages were (2, 13, 7
and 1 day with total 23 days) as shown in Table 2 and
Fig. 4; and according to the average of thermal units by daily
maximum and minimum air temperatures derived from satel-
lite images the expected periods required for completion of
S. littoralis stages were (2, 14, 8 and 1 day with total 25 days)
as shown in Table 3 and Fig. 5; while the observed periods
were (3, 16, 8 and 2 days with total 29 days) for egg hatch, lar-
val, pupal and pre-oviposition periods, respectively, so there
were (2, 6 and 4 days) difference between stages expected
and observed.
The average of thermal units required for completion of
generation is 544.98, 640.63 and 599.66 degrees-days (C) as
calculated from daily maximum and minimum air tempera-
tures derived from thermograph and satellite images, and daily
maximum and minimum soil temperatures derived from
Figure 7 A proposed diagram for Spodoptera littoralis predic-
tion and management model.
Figure 8 Spodoptera littoralis prediction
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mental threshold. These were higher than the estimated value
of dd’s based on laboratory data (524.27 degrees-days (C))
according to Yones et al. (2008).
Thus, comparing with the average of thermal units in dd’s re-
quired for the completion of development of S. littoralis gener-
ation as calculated under laboratory constant temperature, a
difference of2 days (48 h) was foundmore for the dd’s mod-
el under ﬁeld conditions. These results indicated that, the rate of
development was slower at ﬁeld conditions than at laboratory
conditions. These results almost agree with those ﬁndings ob-
tained byWoodson and Edelson (1988), who found a difference
of 3.5 days (84 h) was more for the dd’s model under ﬁeld
conditions for the carrot weevil, Listronotus texanus.
Statistical analysis indicated that, there is no signiﬁcant dif-
ference between degree days obtained from daily maximum
and minimum air temperatures derived from satellite images
and thermograph as shown in Table 4 and Fig. 6.
In the present study, egg hatching was estimated to be 80%
complete by 80.45 dd’s as shown in Table 3. At 174.85 dd’s,
mostly all larvae in the ﬁeld experiment were from the ﬁrst to
third instars as shown in Table 3. The presence of more mature
larvae, fourth to sixth instars, is not observed until 197.59 dd’s.
Fig. 7 illustrates the developed model diagram and Fig. 8
illustrates the Spodoptera littoralis Prediction and Manage-
ment Model (SLPMM).
SLPMM model inputs are
1. Satellite air temperature.
2. Upper and lower thresholds for insects.
3. Equations for calculating the degree days.
4. Deﬁne the zone.and management model (SLPMM).
Figure 9 (A) Administrative map of Egypt before using the model. (B) Administrative map of Egypt after executing the model.
158 M.S. Yones et al.5. Deﬁne the pest.
6. Deﬁne the date.
SLPMM model outputs are
1. Highlights the affected areas as shown in Fig. 9.
2. Predict the best timing for pest control as shown in
Fig. 10.
4. Discussion
The cotton leafworm S. littoralis (Boisd.) is the most destruc-
tive lepidopterous cotton pest in Egypt; it causes a lot of yieldlosses (Amin and Gergis, 2006). Knowledge of the larval-age
distribution in the ﬁeld is important for timing of sampling
and insecticide applications for insect pest management (Doerr
et al., 2004). Visual monitoring of larvae is labor-intensive and
also has proven to be a difﬁcult method for timing insecticide
applications (Doerr et al., 2005).
There is a difference of 14.38% or 75.39 dd’s above the esti-
mated value based on air temperatures derived from satellite
images and in order to improve the predictability, a factor
was estimated between them which is 0.87 so, the predicted
stages were highly improved and the time difference was im-
proved from 4 days to 1 day. In contrast, the ﬁeld value based
on soil temperatures derived from satellite images was 19.40%
or 116.36 dd’s above the estimated value for the laboratory
Figure 10 SLPMM predict the best timing for control measures.
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ity, a factor was estimated between them which is 0.96 so, the
predicted stages were highly improved and the time difference
was improved from 6 days to 0 day. According to Higley et al.
(1986), dd’s models with up to 15% error can be used to deﬁne
control strategies.
There were 2 days less between S. littoralis stages expected
(from daily maximum and minimum air temperatures derived
from thermograph) and observed (from rearing it in ﬁeld) and
in order to improve the predictability, a factor was estimated
between them which is 0.81 so the predicted stages were highly
improved and the time difference was improved from 2 days to
0 day.
There was a difference between degree days obtained from
daily maximum and minimum air temperatures derived from
satellite images and thermograph by 59.2 dd’s, this value rep-
resents only about 2.85 days.
These data which obtained from satellite images indicate
that, the best timing for an insecticide application would be
at 174.85–197.59 dd’s according to Doerr et al. (2005) who
used the same method to indicate the best timing for an insec-
ticide application against Loconobia subjancta moth.
Daily maximum and minimum air temperature that derived
from satellite images appeared to be the best way for predicting
and calculation of the average of thermal units in dd’s required
for the completion of development of S. littoralis generation. In
contrast, most of the ﬁeld models using soil temperature to
determine the temperature requirements appeared adequate
for making decisions for Integrated Pest Management (IPM),
unlike the situation for models that, use air temperature. This
difference may be related to the larger variation in air temper-
ature compared with soil temperature, which remains more sta-
ble (Nava and Parra, 2003). However, Davis et al. (1996) found
that, both air and soil temperatures were adequate for predict-
ing the occurrence of the corn root-worms, Diabrotica virgifera
and Diabrotica barberi in ﬁeld corn in the United States, withspeciﬁc models for each region. Similar results were reported
before by Elliott et al. (1990) for the same species.
According to Cullen and Zalom (2000)) working on Euschi-
stus conspersus, a degree day’s model for S. littoralis when used
with a pheromone trap in the ﬁeld will focus on ﬁeld monitor-
ing efforts on ﬁrst to third instars larvae of the economically
damaging in-ﬁeld generation which are presumably more sus-
ceptible to insecticidal control than adults. Predicting timing of
the more susceptible larval stages could make use of ‘softer’
insecticides feasible for growers; thus, providing an alternative
to the toxins traditionally used for adult control.
The results obtained from the present study appear to be
important for quick prediction purposes, control timing and
also as valuable tools used in an integrated control program
for managing S. littoralis in Egypt.5. Spodoptera littoralis Prediction and Management Model
(SLPMM)
As mentioned before, one of the major obstacles facing the
production of more crop and food for Egypt’s fast-growing
population is the damage effects caused by pests, especially
the cotton leafworm, S. littoralis. Daily maximum and mini-
mum air temperature that derived from satellite images ap-
peared to be the best way for predicting and calculation of
the average of thermal units in dd’s required for the comple-
tion of development of S. littoralis generation. Therefore, a
GIS model is developed for calculating the degree day’s units
using remote sensing (RS) and Geographic Information Sys-
tem (GIS) as a base for cotton pest outbreak prediction. The
results obtained from this model are important for quick pre-
diction and management for S. littoralis in Egypt. In such a
problem the local government will need to respond immedi-
ately in order to save the loss and prevent further damage.
Spodoptera littoralis Prediction and Management Model
160 M.S. Yones et al.(SLPMM) will help in this serious problem. The model major
task is to simulate and detect S. littoralis developmental stages,
decide the location of emergency for residence.
Based on that the best timing for an insecticide application
would be at 174.85–197.59 dd’s Table 3 as this principle is
according to Amin and Gergis (2006) the prediction model will
be executed, sending back the result will be highlight by red
color to deﬁne the affected area(s) and predict the best timing
for control measures as insecticide application. Fig. 9 illus-
trates Egypt map before using the model and Egypt map after
executing the model.
SLPMM was designed to calculate degree day’s units from
data base of air temperature that derived from satellite images
and predict the best timing for insecticide application.
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